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(57) ABSTRACT 

A method including positioning a delivery device at a 
location in a vessel Within a mammalian body, introducing 
a ?rst treatment agent including a cellular component 

through the delivery device, and introducing a different 
second treatment agent disposed in a carrier through the 
delivery device. A method including identifying an infarct 
region Within myocardial tissue and a border region of 
perfused tissue adjacent the infarct region, introducing a 
treatment agent including a cellular component to the border 
region, and introducing a plurality of microparticles to the 
infarct region. A kit including a treatment agent including a 
cellular component in a form suitable for percutaneous 
delivery, and a separate amount of a plurality of micropar 
ticles in a form suitable for percutaneous delivery. 
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TISSUE REGENERATION 

BACKGROUND 

[0001] 
[0002] Inducing formation of blood vessels through thera 
peutic angiogenesis and/or therapeutic angiomyogenesis. 

[0003] 2. Relevant Art 

1. Field 

[0004] A major component of morbidity and mortality 
attributable to cardiovascular disease occurs as a conse 

quence of the partial or complete blockage of vessels 
carrying blood in the coronary and/or peripheral vasculature. 
When such vessels are partially occluded, lack of blood ?oW 
causes ischemia to the muscle tissues supplied by such 
vessel, consequently inhibiting muscle contraction and 
proper function. Total occlusion of blood ?oW causes necro 
sis of the muscle tissue. 

[0005] Blood vessel occlusions are commonly treated by 
mechanically enhancing blood How in the affected vessels. 
Such mechanical enhancements are often provided by 
employing surgical techniques that attach natural or syn 
thetic conduits proximal and distal to the areas of occlusion, 
thereby providing bypass grafts, or revasculariZation by 
various means to physically enlarge the vascular lumen at 
the site of occlusion. These revasculariZation procedures 
involve such devices as balloons, endovascular knives 
(atherectomy), and endovascular drills. The surgical 
approach is accompanied by signi?cant morbidity and even 
mortality, While the angioplasty-type processes are compli 
cated by recurrent stenoses in many cases. 

[0006] In some individuals, blood vessel occlusion is 
partially compensated by natural processes, in Which neW 
vessels are formed (termed “angiogenesis”) and small ves 
sels are enlarged (termed “arteriogenesis”) to replace the 
function of the impaired vessels. These neW conduits may 
facilitate restoration of blood How to the deprived tissue, 
thereby constituting “natural bypasses” around the occluded 
vessels. HoWever, some individuals are unable to generate 
su?icient collateral vessels to adequately compensate for the 
diminished blood ?oW caused by cardiovascular disease. 
Accordingly, it Would be desirable to provide a method and 
apparatus for delivering agents to help stimulate the natural 
process of therapeutic angiogenesis to compensate for blood 
loss due to an occlusion in coronary and peripheral arteries 
in order to treat ischemia. 

[0007] Myocardial infarction (MI) is one form of a cardiac 
event that causes the sudden lack of supply of oxygen and 
other nutrients to the myocardium. The lack of blood supply 
is a result of closure of the coronary artery that nourishes a 
particular part of the heart muscle. The cause of this event 
is generally caused by arteriosclerosis “hardening of the 
arteries” in coronary vessels, or as a result of the formation 
of thrombi by the rupture of unstable plaque. 

[0008] Even though relatively effective systemic drugs 
exist to treat MI such as ACE-inhibitors and Beta-blockers, 
a signi?cant portion of the population that experiences a 
major MI ultimately develop heart failure. An important 
component in the progression to heart failure is remodeling 
of the heart due to mechanical forces resulting in uneven 
stress and strain distribution in the left ventricle. Once an MI 
occurs remodeling of the heart begins. The principal com 
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ponents of the remodeling event include myocyte death, 
edema and in?ammation, folloWed by ?broblast in?ltration 
and collagen deposition, and ?nally scar formation. The 
principal component of the scar is collagen. Since mature 
myocytes of an adult are not regenerated the infarct region 
experiences signi?cant thinning. Myocyte loss is the major 
etiologic factor of Wall thinning and chamber dialation that 
may ultimately lead to progression of cardiac myopathy. In 
other areas, remote regions experience hypertrophy (thick 
ening) resulting in an overall enlargement of the left ven 
tricle. This is the end result of the remodeling cascade. These 
changes in the heart result in changes in the patient’s 
lifestyle and their ability to Walk and to exercise. These 
changes also correlate With physiological changes that result 
in increase in blood pressure and Worsening systolic and 
diastolic performance. 

[0009] Accordingly, it Would be desirable to provide a 
method and apparatus for delivery agents that stabiliZe a 
ventricle (e. g., the left ventricle) and/or stimulate cell groWth 
(e.g., muscle cell groWth). 

SUMMARY 

[0010] A method is disclosed. In one embodiment, a 
method includes positioning a delivery device at a location 
in a vessel within a mammalian body. The method also 
includes introducing a ?rst treatment agent including a 
cellular component through the delivery device and intro 
ducing a different second treatment agent disposed in a 
carrier through the delivery device. The ?rst treatment agent 
and the second treatment agent may be introduced contem 
poraneously (concommittantly). In one example, each of the 
?rst treatment agent and the second treatment agent may be 
delivered to myocardium to affect an infarct region. Repre 
sentatively, the ?rst treatment agent may be introduced to a 
perfused region of myocardium adjacent an infarct region, 
such as a border Zone around an infarct region. The second 
treatment agent may be introduced into the infarct region. 

[0011] In one embodiment, an infarct region may be 
affected in an effort to regenerate tissue or replace/introduce 
myocytes in the infarct region. Representatively, a second 
treatment agent including a factor that affects therapeutic 
angiogenesis or angiomyogenesis may be introduced to the 
infarct region. Alternatively or additionally, the second 
treatment agent may include an attractant or homing factor 
that has a property that tends to draW or attract cellular 
components. Accordingly, introducing a ?rst treatment agent 
in perfused tissue Will increase the viability of the cellular 
component and the presence of a second treatment agent 
including a homing factor Will draW the cellular component 
into the infarct region to regenerate tissue Within that region. 
In one embodiment, the carrier associated With the second 
treatment includes a plurality of microparticles (e.g., micro 
spheres) that collectively provide a release rate gradient of 
the second treatment agent. 

[0012] A kit is also disclosed. In one embodiment, the kit 
includes a ?rst treatment agent comprising a cellular com 
ponent in a form suitable for percutaneous delivery and a 
separate amount of a second treatment agent disposed a 
plurality of microparticles also in a form suitable for per 
cutaneous delivery. A portion of the plurality of micropar 
ticles may include a factor that affects therapeutic angio 
genesis, angiomyogenesis, an attractant or homing factor. 



US 2006/0134070 A1 

The plurality of microparticles may have a property that 
When taken collectively provide a release rate gradiant of 
factors associated With the microparticles. Each of the ?rst 
treatment agent and the plurality of microparticles are 
present in the kit, for example, at a targeted dose to induce 
or modulate therapeutic angiomyogenesis or therapeutic 
angiogenesis. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 shoWs an anterior perspective vieW of a 
heart having an infarct region associated With the left 
ventricle. 

[0014] FIG. 2 shoWs an anterior perspective vieW of the 
heart of FIG. 1 and illustrates an intra-coronary vascular 
infusion procedure to effect the infarct region. 

[0015] FIG. 3 shoWs a perspective diaphragmatic vieW of 
the heart of FIG. 1 and illustrates a retrograde infusion 
technique to effect the infarct region. 

[0016] FIG. 4 shoWs a portion of a left anterior descend 
ing artery of the heart of FIG. 1 and a portion of a catheter 
assembly disposed therein in the illustrating of intra-vascu 
lar injection technique to effect the infarct region. 

[0017] FIG. 5 shoWs an opened anterior perspective vieW 
of the heart of FIG. 1 and demonstrates an intra-myocardial 
injection technique to effect the infarct region. 

[0018] FIG. 6 shoWs a representation of a histological 
image of the infracted and borderZone myocardium 7 days 
after an acute myocardial infarction With stems cells Within 
the infarct and 15 micron microspheres located Within the 
borderZone. 

[0019] The features of the described embodiments are 
speci?cally set forth in the appended claims. HoWever, the 
embodiments are best understood by referring to the fol 
loWing description and accompanying draWings, in Which 
similar parts are identi?ed by like reference numerals. 

DETAILED DESCRIPTION 

[0020] In connection With the description of the various 
embodiments, the folloWing de?nitions are utiliZed: 

[0021] “Angiogenesis” is the formation of small blood 
vessels and capillaries Within ischemic tissue. 

[0022] “Arteriogenesis” is enlargement of existing collat 
eral vessels that typically stem from perfused tissue into 
ischemic tissue. 

[0023] “Therapeutic angiogenesis” refers to the processes 
of causing or inducing angiogenesis and arteriogenesis. 

[0024] 
[0025] “Angiomyogenesis” is the combination of angio 
genesis and myogenesis, Where myocardial tissue including 
neW blood vessels as Well as muscle components is formed. 

[0026] “Therapeutic angiomyogenesis” refers to the pro 
cess of causing or inducing angiomyogenesis. 

[0027] “Carrier” includes a matrix that contains one or 
more treatment agents. A suitable carrier may take the form 
of a nanoparticle (e.g., nanosphere), microparticle (e.g., 
microsphere) or gel With a therapeutic agent as the situation 
may dictate. 

“Myogenesis” is the formation of neW myocytes. 

Jun. 22, 2006 

[0028] FIG. 1 shoWs a schematic vieW of a portion of a 
human heart. Representatively, heart 100 includes left 
atrium 110, left ventricle 120, right atrium 130, and right 
ventricle 140. In this illustration, various arteries are shoWn. 
Included in FIG. 1 are aorta 150, left anterior descending 
artery (LAD) 160, left circum?ex artery (LCX) 170 and 
right coronary artery (RCA) 180. Site 125, in this embodi 
ment, has been damaged by an MI due to, for example, a 
lack of blood supply due to a partial closure or closure of 
LAD 160 or LCX 170 or both. The damage is representa 
tively illustrated at the base of left ventricle 120. Represen 
tatively, the damage includes thinning of the muscle tissue 
of left ventricle 120. 

[0029] FIG. 1 also shoWs a magni?ed vieW of site 125. In 
this vieW, site 125 includes necrotic or infarct region 190. 
Necrotic or infarct region 190 may or may not include viable 
myocytes and consists primarily of ?broblasts and/or col 
lagen depending on hoW recent the MI event occurred. For 
instance, if the MI event occur Within a feW Weeks of 
identi?cation, then there may be viable myocytes remaining 
in infarct region 190 along With ?broblasts and some col 
lagen formation. Longer periods of time betWeen an MI 
event and identi?cation Would tend to reveal feW, if any, 
viable myocytes in infarct region 190 and predominantly 
collagen. 
[0030] The magni?ed vieW of site 125 in FIG. 1 also 
shoWs border Zone 195 surrounding infarct region 190. In 
simple terms, an infarcted region, such as infarct region 190, 
may be thought of as a region devoid of blood supply, 
resulting in apoptosis and necrosis and accompanying 
in?ammatory response and scar formation. A border Zone, 
such as border Zone 195, may have limited blood supply, 
Whereby cells are rendered hypoxic and not fully contractile 
yet still viable. Cells in the border Zone typically Will 
undergo hypertrophy in response to stresses imparted by the 
thinning of the infarct Zone. 

[0031] To improve the function of left ventricle 120, 
therapeutic angiomyogenesis may be induced at or near site 
125. In one embodiment, therapeutic angiomyogenesis is 
induced by the introduction of a treatment agent comprising 
a cellular component (a “?rst treatment agent”) and the 
concomitant (e.g., contemporaneous) introduction of a dif 
ferent treatment agent (a “second treatment agent”) disposed 
in a carrier. Representatively, acceptable modes of delivery 
of the ?rst treatment agent and the second treatment agent, 
include, but are not limited to, vascular infusion and myo 
cardial injection. 

First Treatment Agent 

[0032] In one embodiment, a cellular component for use 
as part of the ?rst treatment agent includes adult or embry 
onically-derived stem cells. For example, adult-derived 
bone marroW cells delivered to ischemic tissue can induce 
an angiogenic response. Other adult stem cells including, but 
not limited to, mesenchymal stem cells (MSC), multipotent 
adult progenator cells (MAPC), and endothelial progenator 
cells (EPC) may be suitable to induce angiomyogenesis. In 
another embodiment, suitable cells of a cellular component 
of the ?rst treatment agent may be transfected With appro 
priate gene vectors to become more angiogenic or angi 
omyogenic and/or to improve the cell survival or preserva 
tion in the target medium (e.g., an anti-apoptosis and/or an 
anti-necrosis factor). Examples of suitable survival vectors 
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include HIFlalpha, HIFZalpha, TNF, ILl, and PR39 (angio 
genesis/anti-apoptosis). Homing vectors such as SDF-l, 
IGF, and HGF may also be transfected in another embodi 
ment. 

[0033] Cellular components, such as the cells noted above, 
typically have receptors for particular peptide sequences 
(e.g., cell adhesion ligands) that alloW the cellular compo 
nent to adhere to collagen or other tissue that have receptors. 
A speci?c peptide receptor or binding sequence is an argi 
nine-glycine-aspartic acid (RGD) polypeptide. Such recep 
tor alloWs the cellular components to be delivered in, for 
example, cardial tissue and be retained to induce or promote 
angiogenesis and/or angiomyogenesis for collateral forma 
tion in the heart as Well as in peripheral circulation, such as 
applications involving stroke, peripheral arterial disease 
(PAD), etc. 

[0034] In one embodiment, the ?rst treatment agent may 
be delivered percutaneously, such as through catheter/needle 
delivery. Suitable delivery mechanisms include delivery of 
a treatment agent including an isotonic saline solution of 
cells, such as stem cells. 

Second Treatment Agent 

[0035] In one embodiment, in addition to introducing a 
treatment agent including a cellular component (a “?rst 
treatment agent”), a method includes introducing a different 
second treatment agent disposed in a carrier such as a 
microparticle (e.g., microsphere) or nanoparticle. The sec 
ond treatment agent may have a property that affects thera 
peutic angiogenesis or angiomyogenesis. Suitable agents 
include, but are not limited to, groWth factors such as 
vascular endothelial groWth factor (V EGF), basic ?broblast 
groWth factor (bFGF), MCPl, insulin like groWth factor 1 
(IGFl), HIFl-alpha, PR39 and its derivatives, and agents 
that induce a mild in?ammatory effect such a nicotine or 
microspheres derived from poly(methacrylic acid-co-methyl 
methacrylate). In another embodiment, the second treatment 
agent may have a property that Will attract cells (e.g., 
homing factors). Suitable homing factors include, but are not 
limited to SDF-l, IGF and HGF. 

[0036] In one embodiment, a second treatment agent dis 
posed in a carrier may have a property that is auxiliary to 
affecting therapeutic angiogenesis or therapeutic angiomyo 
genesis. A treatment agent is auxiliary in the sense that it 
supplements, assists, or supports the ?rst treatment agent. 
Representatively, the second treatment agent may have an 
attractant (e.g., a chemoattractant) property that induces 
movement of the ?rst treatment agent in its direction. 
Suitable attractant agents include homing factors such as 
insulin derived groWth factor (IDGF) that encourage cellular 
components from, for example, the ?rst treatment agent to 
migrate toWard the second treatment agent. 

[0037] The second treatment agent is disposed in a carrier 
of a particle, e.g., microparticle or nanoparticle. Represen 
tatively, suitable microparticles (e.g., microspheres) have a 
diameter less then 80 microns, preferably less then 30 
microns. According to one embodiment, the release rate of 
the particle (release rate of the second treatment agent) may 
vary so that a plurality of particles, intended for percutane 
ous introduction at a desired or targeted dose, provides a 
release rate gradient. An example of forming a release rate 
gradient is to form particles of a carrier that tend to break 
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doWn through degradation or erosion at a different time after 
introduction at a treatment site. One Way to provide a release 
rate gradient is to introduce the second treatment agent in 
particles of different siZes, With small siZes (e.g., 5 pm) 
tending to degrade faster than larger siZes (e.g., 30 pm). A 
suitable release rate gradient is the release of the second 
treatment agent from the carrier (particle) over a period of 
hours to a period of days or Weeks (e.g., tWo Weeks). In 
another embodiment, the release radiant gradient is a release 
of the second treatment agent over a period of tWo to three 
days. 

[0038] One Way to form a second treatment agent disposed 
in a carrier is to form a carrier particle of a hydrogel, such 
as alginate-derived hydrogel. Alginates are composed of 
(l-4)-linked [3-D-mannuronic acid (M units) and ot-L-gulu 
ronic acid (G units) monomers Which vary along a polymer 
chain depending on the source of the alginate. The alginate 
molecule of a block copolymer is composed of regions of 
sequential M units, regions of sequential G units, and 
regions of atactically organiZed M and G units. Divalent 
cations like calcium (Ca2+) cooperatively bind betWeen the 
G units of adjacent alginate chains, creating ionic interchain 
bridges that cause gelling of aqueous alginate solutions. 

[0039] In one embodiment of forming an alginate hydro 
gel including an angiogenic/angiomyogenic factor and/or an 
auxiliary factor, the angiogenic and/or auxiliary factor may 
be added to a solution of sodium alginate and isotonic saline 
With optional additional ions (e.g., magnesium, potassium) 
prior to injection. The alginate may be covalently modi?ed 
With a cell adhesion ligand such as RGDx, GRTY (Where Y 
is tyrosine), etc., containing peptides via a carbodiimide 
coupling to improve or enhance cell attachment to the 
alginate. Attached peptide sequences (e.g., RGDx) provide 
adhesion of the alginate alginate to cellular receptors or 
other tissue at the treatment site. A suitable covalent modi 
?cation With a peptide sequence is described in “Alginate 
Hydrogels as Synthetic Extracellular Matrix Materials, 
”RoWley, et al., Biomaterials 20 (1999), 45-53. In another 
embodiment, the alginate may be covalently modi?ed With 
(e.g., covalently conjugated to) a gelatin or collagen (e.g., a 
gelatin or collagen commercially available from FibroGen, 
Inc. of South San Francisco, Calif.). 

[0040] One Way to form particles including an alginate or 
a modi?ed alginate carrier is by adding an aqueous alginate 
solution including the angiogenic and/or auxiliary factor to 
a non-aqueous solvent such as a polyhydric alcohol or 
methylene chloride and then adding an emulsifying agent to 
the formed mixture so as to cause an emulsion dispersion 
(e.g., a Water-and-oil type emulsion). The emulsion disper 
sion may be added to an aqueous solution of a salt such as 
calcium chloride (CaCl2) to form generally spherical micro 
particles of an alginate. 

[0041] Another technique for forming a treatment agent 
disposed in a carrier in the form of discrete particles (e.g., 
microspheres) of an alginate hydrogel is to add an angio 
genic/angiomyogenic and/or auxiliary factor to a solution of 
sodium alginate or modi?ed sodium alginate as described 
above. The solution is placed into a spray gun or an atomiZer 
such as commercially available from Efd-inc of East Provi 
dence, R.I. A solution of alginate-covered cells may be 
sprayed into an agitated solution of calcium chloride 
(CaCl2). The atomiZed alginate-covered cells form discrete 
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particles (e.g., microspheres) on exiting the atomizer. When 
these particles enter the calcium solution, the alginate por 
tion is gelled and becomes generally insoluble in Water. The 
particles may then be separated by centrifugation or ?ltra 
tion, Washed, and resuspended in aphysiologically compat 
ible solution such as HYPOTHERMOSOLTM, commercially 
available from BioLife Solutions, Inc. of Binghamton, NY. 
The particles can then be introduced percutaneously either 
through infusion or injection techniques. 

[0042] In another embodiment, a treatment agent such as 
angiogenic and/or auxiliary factor may be disposed in a 
carrier of a gelatin or collagen. One suitable collagen is 
commercially available from FibroGen, Inc. of South San 
Francisco, Calif. Preferably, the immunogenic property of 
the collagen is minimal. 

[0043] Comb-like polymers based on alginate-collagen 
copolymers can also be utiliZed for the encapsulation of 
therapeutic agents. The alginate-collagen microspheres are 
formulated in the manner as described for alginate. In this 
composition, the collagen possesses endogenous RGDx 
binding domains. 

[0044] Representatively, porous gelatin microspheres may 
be formed such as described in “Accelerated ?ssue Gen 
eration Through Incorporation of Basic ?broblastic growth 
Factor-Impregnated Gelatin Microspheres into Arti?cial 
Dermis,” KaWai et al., Biomaterials 21, (2000), 489-499. 
The porous gelatin microspheres described in KaWai may be 
modi?ed by using a Water soluble porogen (e.g., polyethyl 
ene glycol, sugar, etc.) in the initial Water in oil emulsion. 
The spheres are alloWed to cross-link With glutaraldehyde or 
genepin, then the porogen can be dissolved by soaking in 
Water to yield porous particles (e.g., microspheres). The 
porous particles may be seeded With a treatment agent 
including angiogenic/angiomyogenic and/or auxiliary fac 
tors by dropping an aqueous solution of the treatment agent 
into the particles. The factors Will tend to attach to the 
particles. 

[0045] A still further example of a second treatment agent 
disposed in a carrier is the use of encapsulation polymers as 
carriers such as poly (L-lactide), poly (D,L-lactide), poly 
(glycolide), poly (lactide-co-glycolide), polycaprolactone, 
polyanhydride, polydiaxanone, polyorthoester, polyamino 
acids, or poly (trimethylene cabonate), and combinations 
thereof. One example of a carrier composition that can be 
used to form particles providing a release rate gradient 
response is a poly (DL-lactide-co-glycolide) (PLGA) sys 
tem. With this system, the rate of breakdoWn of the treatment 
agent can be controlled through a selection of the copolymer 
ratio, the molecular Weight of the polymer, thermal and 
post-processing history (or intrusion, etc.) and the presence 
of acid end group. A 50:50 copolymer ratio is usually 
considered to be rapidly degrading, While increased copoly 
mer ratios in either direction result in reduced degradation 
rates because of a balance betWeen increased hydrophobicity 
With higher poly(lactic acid) PLA) content and increased 
crystallinity With higher poly (glycolic acid) (PGA) content. 
The rate of degradation can be increased With acid end 
groups and by reducing the molecular Weight of the polymer. 

[0046] Polyanhydrides may also be formed as carriers. In 
terms of polyanhydrides, degradation rates can be modi?ed 
to provide a release rate gradient by utiliZing copolymers of 
methacrylated bis (p-carboxyphenoxy) hexane (MCPH) and 
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methacrylated sebacic acid (MSA). Polyhydroxyalkanoates 
(PHA) such as polyhydroxybutyrate (PHB) or polyhydroxy 
valerate (PHV) or a copolymer thereof is another example 
for controlling degradation rates of polyanhydrides. The 
degradation pro?le may be also be in?uenced by a blended 
system to induce multi-modal degradation pro?les (e.g., 
sloW degradation during ?rst Week, fast degradation during 
second Week, etc.). 

[0047] Polymer-based carriers (e.g., gel-like bodies) may 
be formed before introduction at a treatment site (in vitro) or 
they may be formed in vivo. One Way to form such micro 
spheres in vivo is by desolving a blend of, for example, fast 
and sloW degrading polymers in Water misable solvents such 
as dimethyl sulfoxide (DMSO), N-methylpyrrolidone 
(NMP), ethanol or glycofural and injecting the solution at 
the site of treatment With, for example, a catheter to pre 
cipitate out polymer particles. Several polymer solutions, 
each consisting of a polymer formulation With a different 
degradation rate can alternatively be introduced in sequence 
to precipitate out a mixed population of polymer micropar 
ticles. 

Methods of Delivery 

[0048] In one embodiment, the treatment agent including 
a cellular component (?rst treatment agent) is introduced to 
improve oxygen perfusion Within the myocardium, such as 
border Zone 195 of site 125 in FIG. 1. Perfuse myocardium, 
including border Zone 195, tends to encourage cellular 
proliferation and differentiation. Because the ?rst treatment 
agent is delivered to improve the perfusion of myocardium, 
the viability of the cellular component of the ?rst treatment 
agent Will be enhanced. At approximately the same time, the 
border Zone and/or an infarct region, such as infarct region 
190 in FIG. 1 is seeded With the second treatment agent 
disposed in a carrier. Representatively, microparticles or 
nanoparticles (microspheres) including the second treatment 
agent are seeded in the border Zone and/or infarct region. 
The selected delivery of the ?rst treatment agent to perfuse 
regions and the second treatment agent to infarct regions 
may enhance migration of cellular components into the 
infarct region (particularly if the second treatment agent 
includes an attractant) and enhance perfusion of the infarct 
region. In this manner, an infarct region can be reperfused 
and the extracellular matrix modi?ed to support cellular 
migration. 

[0049] As noted above, in one embodiment, the ?rst 
treatment agent and the second treatment agent may be 
introduced by vascular infusion or myocardial injection or 
some combination of vascular infusion and a myocardial 
injection. Delivery of the ?rst treatment agent by Way of 
myocardial injection technique alloWs dense seeding of a 
number of cells, particularly in a location that Would contact 
With a needle mechanism in a targeted location. Delivery of 
the ?rst treatment agent by Way of an infusion method tends 
to seed cells more sparsely but delivery into an infarcted or 
scar region may be limited since the number of capillaries 
that perfuse an infarct region (e.g., site 125 of FIG. 1) 
through Which infusion techniques deliver the treatment 
agent is loW (on the order of 10 percent of healthy tissue or 
less). Accordingly, cells delivered by a vascular infusion 
method tend to reside in border Zone 195. In one embodi 
ment, it is desired to deliver the second treatment agent to an 
infarct region. Where the number of capillaries that perfuse 
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an infarct region are limited, such as several Weeks after an 
MI event, the number of capillaries in the infarct region may 
be loW. Therefore, introduction of the second treatment 
agent into an infarct region by infusion may not be indicated. 
In such case, the second treatment agent may be introduced 
by myocardial injection. 
[0050] Vascular infusion techniques include intra-coro 
nary and coronary sinus retrograde infusion technique. 
Devices and methods for vascular infusion are described in 
Us. patent application Ser. No. 10/387,048, titled “Retro 
grade Pressure Regulated Infusion, ”?led Mar. 12, 2003, and 
Us. patent application Ser. No. 10/800,323, titled “Infusion 
Treatment Agents, Catheters, Filter Devices, and Occlusion 
Devices, and Use T hereof, ”Which are each incorporated 
herein by reference. Myocardial injection techniques 
include, but are not limited to, intra-vascular and intra 
myocardial techniques. Representative devices and methods 
for intra-vascular and intra-myocardial injection are 
described in commonly-known U.S. Pat. No. 6,494,862, 
titled “Substance Delivery Apparatus and a Method of 
Delivering a Therapeutic Substance to an Anatomical Pas 
sageway, ”and its related patent documents, and Us. patent 
application Ser. No. 09/746,498, titled “Drug Delivery Cath 
eter with Retractable Needle, ”Which are each incorporated 
herein by reference. Devices and techniques for intra-myo 
cardial injection are described in commonly-oWned U.S. 
patent application Ser. No. 10/676,616, titled “The Flexible 
Catheter Assembly and Method ofMaking Same, ”?led Sep. 
30, 2003, Which is incorporated herein by reference. 

[0051] FIG. 2 shoWs an intra-coronary vascular infusion 
technique to introduce a ?rst treatment agent and a second 
treatment agent. In this embodiment, a catheter may be 
inserted in or adjacent to left anterior descending artery 
(LAD) 160. Representatively, a catheter may be inserted 
from a femoral artery and guided using, for example, 
guidance aids such as ?uoroscopy techniques and/or other 
imaging aids. In one embodiment, a target injection site, 
such as site 125, is typically identi?ed prior to the delivery 
procedure. In one embodiment, the ?rst treatment agent and 
the second treatment agent are concurrently introduced into 
LAD 160 and introduced at a How rate and pressure to infuse 
through a capillary bed at or adjacent to site 125. In one 
embodiment, second treatment agent disposed in a micro 
particle (e.g., microsphere) is infused at a perfused region of 
myocardium including border Zone of site 125 (e.g., border 
Zone 195 of FIG. 1) to induce therapeutic arteriogenesis and 
angiogenesis. Separately, the ?rst treatment agent described 
above is introduced in LAD 160 and infused into an infarct 
region at site 125 (infarct region 190 of FIG. 1). The cellular 
component, for example adult stem cells of the ?rst treat 
ment agent, in this embodiment, may be transfected With 
appropriate cell preservation and survival gene vectors. 

[0052] FIG. 6 shoWs a representation of a histological 
image of an infarcted and border Zone porcine myocardium 
seven days after an acute myocardial infarction. According 
to an example performed according to the method described 
in FIG. 2, FIG. 6 shoWs bone marroW mononuclear stem 
cells (BMMSC) 610 infused into infarct region 190 and 7 
micron and 15 micron microspheres 620 in border Zone 195. 
As noted above, an infarct region may contain a viable 
capillary bed(s) at this stage after an infarction, hoWever, the 
bed(s) may not be accessible by stem cells 610 or micro 
spheres 620 due, for example, to blockage. The representa 
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tion in FIG. 6 shoWs stem cells 610 migrate to the infarct 
region 190 While microspheres reside in border Zone 195. To 
improve the viability of stem cells 610, the cells may be 
transfected With survival vectors. Alternatively, or addition 
ally, homing vectors or factors may be placed in micro 
spheres 195 to attract cells 610 to border Zone 620 Which has 
viable capillary beds. For example, microspheres containing 
homing vectors may attract cells 610 in infarct region 190 to 
border Zone 195. 

[0053] FIG. 3 shoWs a coronary sinus retrograde vascular 
infusion technique to introduce a ?rst treatment agent and a 
different second treatment agent. FIG. 3 shoWs a vieW of the 
diaphragmatic surface of heart 100. In this vieW, left atrium 
110, left ventricle 120, right atrium 130 and left ventricle 
140 are labeled to illustrate the orientation relative to FIG. 
1 and FIG. 2. FIG. 3 also shoWs a portion of the venous 
system of heart 100. Included in this vieW are great cardiac 
vein 310, left posterior ventricular vein 320, middle cardiac 
vein 330 and small cardiac vein 340. 

[0054] In one embodiment, a catheter assembly is percu 
taneously introduced through, for example, a femoral vein to 
the venous system of heart 100. An occluding balloon may 
be positioned upstream of one or more veins, such as in great 
cardiac vein 310 or coronary sinus 350, to occlude blood 
How. The catheter assembly may then introduce ?rst treat 
ment agent and a second treatment agent in a retrograde 
(opposite blood ?oW (doWnstream)) fashion. In one embodi 
ment, a pressure and volumetric ?oW rate of each of the ?rst 
treatment agent and the second treatment agent are main 
tained suf?ciently high so that the treatment agent Will pass 
in a retrograde direction through middle cardiac vein 330 
and reach capillary bed adjacent site 125 of left ventricle 
120. In one embodiment, the ?rst treatment agent is intro 
duced into perfused tissue such as the border Zone of site 125 
(e.g., border Zone 195 of FIG. 1). The second treatment 
agent is separately introduced into an infarct region of site 
125 (e.g., infarct region 190 of FIG. 1). 

[0055] In addition to infusion techniques, in another 
embodiment, the ?rst treatment agent and/or the second 
treatment agent may be introduced through myocardial 
injection. FIG. 4 shoWs an example of intra-vascular myo 
cardial injection. In this representation, catheter assembly 
400 is inserted in LAD 160 and positioned, possibly With 
guidance techniques, at a location in the vicinity of site 125. 
Catheter assembly 400 includes balloon catheter 420. Cath 
eter assembly 400 also includes delivery cannula 430 and 
delivery cannula 440. Each of delivery cannula 430 and 
delivery cannula 440 may extend from a proximal end of 
catheter assembly 400, representatively, introduced through 
a femoral artery. Delivery cannula 430 includes needle 435 
and delivery cannula 440 includes needle 445. In this 
embodiment, delivery-cannula 430 and delivery cannula 440 
are located adjacent one another on a proximal portion of 
balloon 420. In this manner, expansion of balloon 420 Within 
LAD 160 (as shoWn) causes delivery cannula 430 and 
delivery cannula 440 to be positioned adjacent the vessel 
Wall of LAD 160. Needle 435 and needle 445 may then be 
advanced through the vessel Wall and beyond the blood 
vessel Wall into or adjacent myocardial tissue. In one 
embodiment, a ?rst treatment agent including a cellular 
component is introduced through needle 445 and a second 
treatment agent disposed in a carrier, such as microparticles 
(e.g., microspheres) is introduced through needle 445. The 
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?rst treatment agent is introduced to perfused tissue at or 
near site 125 (e.g., including at border Zone 195 of FIG. 1) 
While the second treatment agent is introduced into infarcted 
tissue associated With site 125 (e.g., infarct region 190 of 
FIG. 1). 

[0056] A second myocardial injection technique is illus 
trated in FIG. 5. FIG. 5 shoWs an interior vieW of an open 
heart (heart 100). FIG. 5 shoWs an embodiment Where a 
catheter assembly is used to delivery a ?rst treatment agent 
including a cellular component and a second treatment agent 
disposed in a carrier into the left ventricle of heart 100. A 
distal portion of catheter assembly 500 is shoWn disposed in 
left ventricle 120. Representatively, catheter assembly 500 is 
inserted into a femoral artery and travels into descending 
aorta artery 502, over aortic arch 504, doWn descending 
aorta 506, across the aortic valve (not shoWn), and into left 
ventricle 120. Atarget injection site such as site 125 has been 
determined prior to the delivery procedure. Catheter assem 
bly 500 is manipulated to target location 510. Once a tip of 
catheter assembly 500 is in contact With a Wall of left 
ventricle 120 at a target site, needle 512 is extended into the 
Wall and a treatment agent is released. In one embodiment, 
a ?rst treatment agent including a cellular component may 
be introduced through catheter assembly 600 to an area of 
perfused tissue adjacent site 125 (e. g., including border Zone 
195 of FIG. 1). FolloWing the introduction of the ?rst 
treatment agent, a second treatment agent disposed in a 
carrier such as microparticles (e.g., microspheres) may be 
introduced through catheter assembly 500 through an infarct 
region associated With site 125 (infarct region 190 of FIG. 
1). 
[0057] The vascular infusion and myocardial injection 
techniques described above are representative of modes of 
delivery for introducing a ?rst treatment agent and a second 
treatment agent. It is appreciated that the various modes of 
delivery may be used individually as described or combined 
With one another to deliver either of the ?rst treatment agent 
or the second treatment agent. The techniques described 
above Were in reference to affecting myocardial tissue. It is 
also appreciated that the techniques and kit may be used to 
affect damaged or distressed tissue in other parts of a body. 
One example is treating lesions or scars resulting from 
peripheral artery disease. 

[0058] In the preceding detailed description, reference is 
made to speci?c embodiments thereof. It Will, hoWever, be 
evident that various modi?cations and changes may be made 
thereto Without departing from the broader spirit and scope 
of the folloWing claims. The speci?cation and draWings are, 
accordingly, to be regarded in an illustrative rather than a 
restrictive sense. 

What is claimed is: 
1. A method comprising: 

positioning a delivery device at a location in a vessel 
Within a mammalian body; 

introducing a ?rst treatment agent comprising a cellular 
component through the delivery device; and 

introducing a different second treatment agent disposed in 
a carrier through the delivery device. 

2. The method of claim 1, Wherein introducing the ?rst 
treatment agent comprises introducing to a perfused region 
of myocardium adjacent an infarct region. 
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3. The method of claim 2, Wherein introducing the second 
treatment agent comprises introducing to the infarct region. 

4. The method of claim 3, Wherein the carrier comprises 
a microparticle and introducing a second treatment agent 
disposed in a carrier comprises introducing a plurality of 
microparticles at least a portion of Which comprising the 
second treatment agent. 

5. The method of claim 4, Wherein each of the plurality of 
microparticles comprise a release rate of dispensing the 
second treatment agent and collectively the plurality of 
microparticles comprise a release rate gradient. 

6. The method of claim 5, Wherein at least a portion of the 
microparticles comprise an auxiliary agent having a property 
auxiliary to affecting therapeutic angiogenesis. 

7. The method of claim 6, Wherein the auxiliary agent 
comprises a homing factor. 

8. The method of claim 3, Wherein introducing the second 
treatment agent comprises vascular infusing. 

9. The method of claim 3, Wherein introducing the second 
treatment agent comprises myocardial injecting. 

10. The method of claim 4, Wherein the microparticle 
comprises a minamally-immunogenic collagen. 

11. The method of claim 4, Wherein the microparticle 
comprises a hydrogel. 

12. The method of claim 11, Wherein the hydrogel com 
prises a modi?ed alginate. 

13. The method of claim 4, Wherein the microparticle 
comprises an encapsulation polymer. 

14. A method comprising: 

identifying an infarct region Within myocardial tissue and 
a border region of perfused tissue adjacent the infarct 
region; 

introducing a treatment agent comprising a cellular com 
ponent to the border region; and 

introducing a plurality of microparticles to the infarct 
region. 

15. The method of claim 14, Wherein the treatment agent 
is a ?rst treatment agent and at least a portion of the plurality 
of microparticles comprise a different second treatment 
agent. 

16. The method of claim 14, Wherein at least a portion of 
the microparticles comprise an auxiliary agent having a 
property auxiliary to affecting therapeutic angiogenesis. 

17. The method of claim 16, Wherein the auxiliary agent 
comprises a homing factor. 

18. The method of claim 14, Wherein introducing the 
plurality of microparticles comprises vascular infusing. 

19. The method of claim 14, Wherein introducing the 
plurality of microparticles comprises myocardial injecting. 

20. The method of claim 14, Wherein the plurality of 
microparticles comprise a non-immunogenic collagen. 

21. The method of claim 14, Wherein the plurality of 
microparticles comprises a hydrogel. 

22. The method of claim 21, Wherein the hydrogel com 
prises a modi?ed alginate. 

23. The method of claim 14, Wherein the plurality of 
microparticles comprises an encapsulation polymer. 

24. The method of claim 14, Wherein the treatment agent 
comprises a ?rst treatment agent and each of the plurality of 
microparticles comprise a release rate of dispensing a sec 
ond treatment agent and collectively the plurality of micro 
particles comprise a release rate gradient. 
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25. A kit comprising: 

a treatment agent comprising a celluar component in a 
form suitable for percutaneous delivery; and 

a separate amount of a plurality of microparticles in a 
form suitable for percutaneous delivery. 

26. The kit of claim 25, Wherein the plurality of micro 
particles comprise a non-immunogenic collagen. 

27. The kit of claim 25, Wherein the plurality of micro 
particles comprises a hydrogel. 

28. The kit of claim 27, Wherein the hydrogel comprises 
a modi?ed alginate. 

29. The kit of claim 25, Wherein the plurality of micro 
particles comprises an encapsulation polymer. 

30. The kit of claim 25, Wherein each of the plurality of 
microparticles comprise a release rate of dispensing a sec 
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ond treatment agent and collectively the plurality of micro 
particles comprise a release rate gradient. 

31. The kit of claim 25, Wherein a portion of the plurality 
of microparticles comprise a treatment agent that affects 
therapeutic angiogenesis. 

32. The kit of claim 31, Wherein the treatment agent 
comprises a groWth factor. 

33. The kit of claim 25, Wherein a portion of the plurality 
of microparticles comprise an auxiliary agent having a 
property auxiliary to a?‘ecting therapeutic angiogenesis. 

34. The kit of claim 33, Wherein the auxiliary agent 
comprises a homing factor. 


